Five sesquiterpenes, dehydrocostus lactone (1), santamarine (5), β-cyclocostunolide (6), 4α-hydroxy-4β-methyldihydrocostol (7) and 10α-hydroxyl-artemisinic acid (9), along with four other compounds, β-sitosterol (2), daucosterol (3), 5-hydroxymethyl-furaldehyde (4), and trans-syingin (8), were isolated and identified from the roots of Saussurea lappa (Compositae). Based on previous reports and our study, sesquiterpene derivatives are common and characteristic constituents of the genus Saussurea. Among the nine compounds obtained, 9 is a new sesquiterpene. It is an artemisinic acid derivative, whose structural skeleton has not been reported for Saussurea species before, but artemisinic acid is a common compound in another Compositae species, Artemisia annua. Dehydrocostus lactone (1) is present in high-content and is a possible bioprecursor of 10α-hydroxyartemisinic acid (9).
Saussurea lappa C.B Clarke (Chinese name: Yunmuxiang) was introduced from India, and has been cultivated in southwest China. The dried roots of S. lappa have been used as a Chinese herbal medicine, named as Radix Aucklandiae, which was listed in the Chinese Pharmacopoeia (1 st volume, 2005) as an aromatic stomachic. Sesquiterpene lactones have been reported as the major active constituents of S. lappa roots. Previous phytochemical investigations carried out on this species have resulted in the isolation of various sesquiterpenoid constituents, such as costunolide, dehydrocostuslactone, α-costol, 4β-hydroxy-11(13)eudesmene-12-al, β-costic acid, and isocostic acid [1] [2] [3] . Many other types of constituents have also been reported from S. lappa, including monoterpenes, triterpenes, steroids, and glycosides [4] . Different pharmacological experiments in a number of in vitro and in vivo models have convincingly demonstrated the anti-inflammatory, anti-ulcer, anticancer and hepatoprotective activities of S. lappa. Costunolide, dehydrocostus lactone and cynaropicrin, isolated from this plant, have been identified to have potential for development as bioactive molecules [4] . Here we report the isolation and characterization of five sesquiterpenes and four other compounds from S. lappa. The compounds 13 C NMR and DEPT spectra showed 15 resonances, indicating two methyls, five methylenes, four methines, and four quaternary carbons. Of the four quaternary carbons, the signal at δ 171.5 was assigned to the carboxyl carbon, δ 136.9 to an unsaturated linkage, δ 146.3 to an exocyclic carbon of an unsaturated linkage connected to a carboxy group, and δ 74.2 to a carbon connected with a hydroxyl residue.
The 1 H NMR spectrum exhibited two methyl groups at δ 1.56 (s) and 1.20 (s); Two olefinic proton signals at δ 6.23 and 5.25 had linkages with an olefinic carbon at δ 124.6 in the HSQC spectrum. Thus they were assigned to exocyclic methylene protons of an unsaturated linkage. One olefinic proton signal at NPC Natural Product Communications 2010 Vol. 5 No. 10 1531 -1534 All assignments based on extensive 1D and 2D NMR measurements; TMS was used as internal standard; integrals, multiplicities and coupling constants (J in Hertz). δ 5.14, which connected with a carbon at δ 122.8 in the HSQC spectrum, was assigned to a methine proton of an unsaturated linkage. The structure of compound 9 was similar to that of artemisinic acid [5] by comparisons of their physical and spectroscopic data. The only difference between them is that compound 9 had a hydroxyl moiety linked to C-10 (δ 74.17), based on the HMBC spectrum. In the NOESY spectrum of 9, the signal at δ 1.84 (H-1) correlated with those at δ 2.75 (H-6) and δ 2.83 (H-7), but the cross-peak with δ 1.20 (H-14) was not observed. So, H-1, H-6 and H-7 were all assigned with an α-configuration, which is the same as artemisinic acid [5] , but the 14-methyl was assigned to a β-position. All of these considerations were used to assign compound 9 as 10α-hydroxyartemisinic acid.
H-H COSY HMBC
From the above analysis, the structure of 9 ( Figure 1 ) was elaborated, and the overall assignments (Table 1 ) of 1 H NMR and 13 C NMR spectroscopic data were unambiguously made on the basis of the 2D NMR spectra (Figure 2 ). To the best of our knowledge, compound 9 is a new sesquiterpene from S. lappa roots. Compounds 1-8 were identified as dehydrocostus lactone (1) 
, 4α-hydroxy-4βmethyldihydrocostol (7) [2] , and trans-syingin (8) [1] by comparison of their spectral data with those reported in the literature.
S. lappa is a well known and important medicinal plant widely used in several indigenous systems of medicine for the treatment of various ailments, viz. asthma, inflammatory diseases, ulcer and stomach problems [4] . Sesquiterpenes and their lactones have been reported as the major constituents of this species [1] [2] [3] [4] . In the present study, guaiane-type sesquiterpene 1 was isolated as the major sesquiterpene lactone (0.1% yield) from the S. lappa roots; the other sesquiterpenes (5-7, and 9) were obtained in small amounts only. Compound 1 was also previously reported from Cosmos pringlei [6] , Laurus nobilis [7] , and L. novocanariensis [8] .
Compound 5 was also previously obtained from Cyathocline purpurea [8] , Laurus nobilis [9] , Michelia floribunda [10] , Centaurea ornata [11] , and Magnolia grandiflora [12] . It is also noteworthy that compounds 6 and 7 have not been found in species other than S. lappa [1, 2] . Compound 9 is a new artemisinic acid derivative. To our knowledge, this is the first report of the occurrence of this type of sesquiterpene from Saussurea. However, artemisinic acid is found in other Compositae species, including Artemisia annua [13] .
As dehydrocostus lactone (1) is present in high amount in S. lappa, it is possibly the bioprecursor of 10α-hydroxyl-artemisinic acid (9) by structural analysis. Figure 3 shows the possible biosynthetic pathway of compound 9. Of the isolated compounds, 1:1) . The eluates were combined based on TLC results; compound 1 was ultimately obtained. The EtOAc portion was subjected to silica gel CC eluting with light petroleum-EtOAc (9:1→ pure EtOAc, v/v) in increasing order of polarity to furnish compounds 2 (120 mg) and 3 (136 mg); 3 fractions were also collected according to TLC analysis. Fraction 1 was separated by preparative TLC to give compound 4 (14 mg); fraction 2 (13 g) was subjected to silica gel CC (CH 2 Cl 2 -EtOAc, 50:1→1:1, v/v) to give compounds 5 (23 mg), 6 (24 mg), 7 (11 mg) and 9 (16 mg), respectively. The 1-butanol-soluble portion was also subjected to silica gel CC, eluting with EtOAc-MeOH (pure EtOAc→10:1, v/v) to furnish compound 8 (21 mg).
10α-Hydroxyl-artemisinic acid (9) white needles. MP: 192. 
